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Abstract 
Domestic debt is an important tool of government finance for the economies which are vulnerable to budget deficits arising from 
government expenditures exceeding revenues. This tool used for government fiscal policy is a determinant of macroeconomic 
stability due to the effects on growth, employment and investment variables. In this context, the analysis of domestic debt 
dynamics has a vital importance especially for developing economies. As a developing economy for Turkey, the deterioration of 
fiscal balance after 1990’s has led to a consistent increase in domestic debt. Aftermath of 2001 crises, domestic debt was 
restrained by the fiscal discipline which came into prominence by “Transition to Strong Economic Program”. In this regard, our 
study examines the structure of domestic debt process in Turkish economy over the period 1998-2015. Firstly, we investigate the 
linearity of the domestic debt series. Following the examination of non-linearity, we analyze the transition characteristics of 
domestic debt series by means of STAR (Smooth Transition Autoregressive) model.  
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1. Introduction 
Domestic debt is one of the most prominent means of public finance especially in economies facing budget 
deficit problems due to government revenue not compensating the expenditures,. This instrument which is used by 
governments in accordance with the fiscal policy, is also one of the fundamental indicators of macroeconomic 
stability which depends on the factors such as growth, employment and investments. In this regard, the examination 
of debt issue is rather crucial for developing economies which rely on fiscal stance and macroeconomic stability. 
Thus, we aim to investigate the debt dynamics in Turkey which is one of the major economies in the classification 
of developing countries.  
 
Until the end of 1970s, the ratio of domestic debt carried out through private borrowing laws has been rather low. 
Alternatively, Central Bank resources were frequently used in order to finance the budget deficits. As a result of 
rapidly increasing budget deficits due to crises in 1980s and 1990s, domestic debt has started to rise. Especially, 
after 1990s the deterioration of fiscal balance has led to a consistent increase in domestic debt. According to Figure 
1, the ratio of domestic debt to GDP has more than doubled as a consequence of 2001 financial crises. Aftermath of 
2001 crises, domestic debt was restrained by the fiscal discipline which came into prominence by “Transition to 
Strong Economic Program”. As of 2004, “strategic criteria” have been implemented in the debt management in 
order to ensure transparency and minimize the borrowing cost. With these criteria, it has been aimed, i) to make 
borrowing mostly in Turkish Lira (TL), ii) to decrease share of the bonds which has interest rate refixing period 
within the next 12 months and borrow in TL through fixed interest instruments, iii) to reduce the share of debt 
maturing within 12 months and to increase the average maturity of domestic debt due to market conditions 
(Undersecretariat of Treasury, 2015: 1). 
 

























































































































Source: Generated by authors utilizing data obtained from CBRT, Electronic Data Delivery System. 
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In accordance with the strategic criteria brought to the Treasury, the share of fixed interest and TL in the debt has 
gradually increased which contributed to the elimination of risks on debt management (Figure 2). After then, the 
ratio of the domestic debt to GDP has diminished until the crisis of 2008 in which a rise in debt about %35 has been 
experienced. In 2014, the interest rate raised in response to the announcement of FED in regard to the suspension of 
borrowing. Furthermore, as a result of Russia seizing control in the Crimea Autonomous Region which was 
formerly under the rule of Ukraine; European Union imposed sanctions on Russia which led to decrease in oil 
prices, thus a fall in Turkey’s bond returns. These developments have ended up with   improvement in fiscal status 
and debt position of Turkey.  
 
 























 Source: Generated by authors utilizing data obtained from Undersecretariat of Treasury, Annual Public Debt Management Reports. 
 
 
As mentioned above, the debt process in Turkey exhibits a non-linear structure over the period 1998-2015. After the 
sharp increase in 2001, the rise in domestic debt has been controlled by stability program together with strategic 
criteria which inhibit sudden changes in debt series with regard to global or domestic developments. In parallel to 
this, we utilize STAR model which is an extension of regime switching models to examine debt dynamics of 
Turkish economy. This methodology provides us take into account both the non-linear structure of domestic debt 
and smooth transitions between the regimes, particularly after 2001.  
 
The remainder of the paper is organized as follows: In Section 2 we review the regarding literature. After then, 
we present data and methodology in Section 3 and 4. We discuss the empirical results in Section 5. Finally, we 
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2. Literature Review  
 
In the regarding literature, the debt and fiscal sustainability issues are widely discussed for both Turkey and other 
developed or developing economies. Table 1 classifies those studies with regard to sample and methodology.  
Table 1. Studies on Debt Sustainability 
Study Sample Methodology Result 
Gürbüz et al. (2007) Turkey (1988-2002) Simulation method Debts should be reduced in order 
to ensure the sustainability of 
fiscal policies in Turkey. 
Ono (2008) G-7 countries (1970-2005) Linear and non-linear time 
series method 
G-7 countries have strong fiscal 
sustainability. 
Tanner and Samake (2008) Turkey, Brazil and Mexico 
(1995:1-2005:12) 
Monte Carlo Simulation 
model 
Turkey, Brazil and Mexico have 
the tendency for debt 
sustainability. 
Budina and Wijnbergen (2009) Turkey (1990-2004) Risk assessment and 
simulation methods 
The most important factor in 
sustainability of Turkey’s debts is 
primary surplus. 
Ceylan (2010) Turkey (1975-2008) Linear and non-linear time 
series methods 
Debts are sustainable in Turkey 
with smooth structural break. 
Hepsağ (2011) Turkey (1990:1-2008:4) Structural break periodic unit 
root test 
Fiscal policies in Turkey have the 
tendency of not being sustainable. 
Özkaya (2013) Selected EU countries and 
Turkey (1999:1-2010:1) 
Linear and non-linear time 
series methods 
Public debts are sustainable in all 
countries except Greece, Ireland, 
Portugal and Spain. 
Dalgıç et al. (2014) Turkey (2006:1-2013:3) ARDL Model Long term sustainability level of 
fiscal policies in Turkey is low. 
Naraidoo and  Raputsoane 
(2015) 
South Africa (1865-2010) LSTAR non-linear regression 
model 
Debt/GDP ratio is significant at 
the 56% threshold value 
 
In their study employing simulation method over 1988-2002 period of Turkish economy, Gürbüz et al. (2007) 
conclude that government should reduce debt in order to provide fiscal sustainability. On the other hand; according 
to Budina and Wijnbergen (2008), primary surplus is found to be primary determinant of debt sustainability in 
Turkey by implementing risk assessment and simulation methods. Ono (2008) analyzes G7 countries over 1970-
2005 period by means of linear and non-linear time series methods, and find evidence of strong sustainable 
structures for G7 countries. Tanner and Samake (2008) conclude that debts in Turkey, Brazil and Mexico have 
tendency to be sustainable with regard to empirical results from Monte Carlo simulation method. Ceylan (2010) 
investigates sustainability of debts in Turkish economy over1975-2008 period by using linear and non-linear time 
series methods.  The study reveals that the debt transition has a smooth nature with structural break. Hepsağ (2011) 
shows that the fiscal policies in Turkey do not have the tendency to be sustainable. Likewise, Dalgıç et al. (2014) 
find that the level of fiscal policy sustainability is rather low in Turkey. Özkaya (2013) concludes that although 
public debts of Greece, Ireland, Portugal and Spain have sustainable structure, these countries experience difficulties 
in their fiscal structures. As a recent study employing regime switching models (LSTAR), Naraidoo and Raputsoane 
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3. Data Set 
 
Our study investigates the progress of the domestic debt in Turkish economy over the period 1998:1-2015:3. In 
this context, domestic debt stock/GDP series obtained from Central Bank of Turkish Republic (CBRT) is utilized as 
an indicator of the domestic debt burden. Table 2 summarizes the descriptive properties of the series and results of 
the unit root tests. 
 
Table 2. Descriptive Statistics and Unit Root Test Results 
Mean  1.178 
Median 1.192 





ADF 2.62 (1)*** 
KPSS 0.20 (6)* 
Notes: i) *, *** indicate significance at %1 and %10 levels respectively. ii) Test statistics are obtained via estimation of constant + trend model. 
The maximum lag length for ADF test is determined as 9 according to SC criterion. The selected lag length is shown in parenthesis. For the 
KPSS test, the band length is given in parenthesis. 
 
Table 2 indicates that the quarter average rate of series is (1.178) with a standard deviation of (0.316). Since the 
kurtosis value (1.98) is smaller than 3, the series is small-tailed. On the other hand, it exhibits rightward skewness 
with regard to the negative value (-0.319). According to the Jarque-Bera test statistics, the null hypothesis of 
normality is accepted for the considered series. Finally, ADF unit root test shows that the series is I(0) as the null 
hypothesis of unit root is rejected. Likely, stationarity is confirmed by KPSS which tests the null of stationarity 




In the literature of economics, non-linear structure of macroeconomic and fiscal variables leads to abandoning 
linear methods in modeling these variables. Therefore, in our study, linearity of the debt series is discussed and in 
this respect, progression of Turkey’s debts are examined by using STAR type of regime switching models that 
enable non-linear analysis.   
STAR model, an extension of TAR model, is based on the assumption that the transition between regimes is 
smooth. STAR model is obtained by generalizing the indicator function which is the transition function in the TAR 
model, with a continuous function. The general representation of the STAR model for a univariate series (yt) is 
given by 
1 2 1( ) ( ; , )t t t L t ty x x F s cD D D J H                                                                           (4.1) 
where *(1, ) 't tx x , * 1( ,..., ) 't t t px y y  , and the coefficients vector is defined as ,0 ,1 ,( , ,..., ) 'i i i i pD D D D . tH  
is the disturbance with zero mean which is assumed to have a constant conditional variance ( 2V ) and normal 
distribution.  
The transition variable ts , thus the value of the transition function ( ; , )L tF s cJ  determine the current regime in the 
t period. Different definitions regarding the transition function ( ; , )L tF s cJ  lead to differences in the regime-
transition models. Therefore there are two alternative derivations of STAR models, logistic STAR (LSTAR) and 
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exponential STAR (ESTAR) models which are widely used in nonlinear analysis. In our study, we select the 
appropriate model among these two specifications by means of three different F-tests suggested by Teräsvirta 
(1994). Eventually, we conclude that the debt series should be modeled with LSTAR. 
LSTAR model where the transition function ( ; , )L tF s cJ  has first order logistic form is presented as below: 
^ ` 1( ; , ) (1 exp ( ) ) ,L t tF s c s cJ J J    >0      (4.2) 
Here, c parameter indicates the threshold value between two regimes. In this respect, as ts  increases, logistic 
function varies monotonically from 0 to 1; and when the transition variable is equal to the threshold value, the 
transition function equalizes to 0.5, thus ( ; , ) 0.5LF c cJ   holds. The parameter J  determines the speed of change 
in the value of the logistic function, in other words the smoothness of the transition between regimes. For very large 
values of the parameter J  (J o f ); transition of the value of  ( ; , )L tF s cJ  from 0 to 1 occurs suddenly at ts = c 
and as a result, the logistic function ( ; , )L tF s cJ  converges to the indicator function. As a result of this specific 
case, the model transforms to TAR model with two regimes. In the 0J o  case, LSTAR converges to linear 
autoregressive AR(p) model.  
Teräsvirta (1994) suggests that STAR analysis begins with the definition of a linear autoregressive AR(p) model. 
In the next step, linearity is tested for different values of delay parameter, and the appropriate parameter (d) is 
determined. Finally, we select between LSTAR and ESTAR models by testing the relevant hypotheses. 
More clearly, once the p autoregression level is determined, the next stage involves the selection of the lag 
parameter d. In order to determine d, LF linearity test is applied to d= 1,2,…,D; and consequently the lag parameter 
that minimizes the p-value of the linearity test is selected. For this value, the null hypothesis of linearity is tested. 
After establishing that the series is non-linear, comes the final step where a selection is made between LSTAR and 
ESTAR models. 
 
5. Empirical Results 
 
As stated in the previous section on methodology, firstly we define an AR(p) model as suggested by Teräsvirta 
(1994). The appropriate lag length is determined according to the selection criteria (Table 3).  
 
Table 3. Linear Model Information Criteria and Selection of Lag Length 
 Lag LogL LR FPE AIC SC HQ 
0 -3.080864 NA   0.066932  0.133799  0.168403  0.147361 
1  66.12876  133.8809  0.007151 -2.102582 -2.033373 -2.075459 
2  80.21574  26.78834  0.004657 -2.531664  -2.427850*  -2.490978* 
3  80.22158  0.010914  0.004811 -2.499068 -2.360650 -2.444821 
4  82.55929  4.292196  0.004606 -2.542928 -2.369905 -2.475118 
5  82.56935  0.018141  0.004759 -2.510471 -2.302844 -2.429100 
6  85.15758   4.582440*   0.004519*  -2.562544* -2.320312 -2.467611 
7  85.20238  0.077845  0.004665 -2.531226 -2.254390 -2.422731 
8  85.41559  0.363514  0.004790 -2.505429 -2.193989 -2.383373 
 
In this regard, we select p=6 in accordance with the minimum values of LR, FPE and AIC criteria in Table 3, and 
the estimation for the AR(6) model is presented in the table below (Table 4).  
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Table 4. AR(6) Linear Model Estimation 
 Coefficient Standard deviation t-stat 
Constant term 0.09** 0.04 2.37 
debt(-1) 1.51* 0.12 11.86 
debt(-2) 0.35 0.23 1.53 
debt (-3) 0.53** 0.23 2.26 
debt (-4) 0.14 0.24 0.62 
debt (-5) 0.43*** 0.23 1.85 
debt (-6) 0.28** 0.12 2.2 
LM(1)=0.025 (0.87)      LM(4)=7.03 (0.11)    ARCH(1)=1.29 (0.18)    ARCH(4)=1.13 (0.22) 
AIC= -2.59                      SC=-2.35     HQ=-2.50 
Note: i) *, *** indicate significance at %1 and %10 level respectively. ii) Values in the parenthesis indicate the p-values of the tests. 
 
As presented in Table 4, coefficients of the model are mostly significant. In addition, diagnostic test statistics 
indicate that AR(6) model does not exhibit autocorrelation and heteroscedasticity problems.  
 
 
Table 5.  Linearity Test and Model Selection 
Transition 
variable 
F* F4 F3 F2 Model 
debt(-1) 1.26-09 8.76-05 3.74-04 5.89-05 LSTAR 
debt (-2) 1.26-07 5.96-04 1.32-03 9.09-04 LSTAR 
debt (-3) 8.12-07 3.46-02 2.31-04 2.90-04 LSTAR 
debt (-4) 1.18-05 8.77-02 9.13-04 5.54-04 LSTAR 
debt (-5) 9.04-06 2.41-02 4.60-01 6.14-07 LSTAR 
debt (-6) 9.90-05 2.28-02 1.47-01 1.48-04 LSTAR 
trend 5.53-03 3.76-02 8.90-02 5.10-02 LSTAR 
Note: Values in the table indicate the p-values from F-tests. 
 
In the final step where the linearity is tested for different delay parameters, linearity null hypothesis is rejected for 
all 6 delays. After it is established that the series is non-linear, the appropriate delay parameter for model estimation 
is determined as d=1 taking into account the minimum probability value. Finally, by evaluation of F2, F3 and F4 
statistics, it has been concluded that the convenient model for estimation is LSTAR model which is  
 
Table 6. LSTAR Model Estimation 
1 2 3 4 5 6
(0.07) (0.23) (0.32) (0.34) (0.25)(0.36) (0.34)
1 2 3
(0.30) (0.39) (0.37)(0.31) (0.36)
0.08 2.19 1.39 0.06 0.75 1.68 1.01
(0.85 1.79 1.20 0.10 0.18
t t t t t t
t t t
borc borc borc borc borc borc borc
borc borc borc
     
  
       
    4 5 6
(0.39) (0.29)





( , , ) (4.4)





  u 
 
LM(1)= 0.79 (0.38)       LM(4)=0.31 (0.86)     ARCH LM test= 1.08 (0.21) 
 Normality Test (JB)=4.10 (0.11) 
Note: Values in the parenthesis indicate the standard errors of the coefficients. 
 
According to Table 6, LSTAR model coefficients are found to be statistically significant, have normal 
distribution and homoscedastic. The value of statistically significant γ parameter (4.58), that is the rate of regime 
transition, implies that the regime transition is smooth and hence LSTAR is appropriate for modeling the debt series.  
When the ratio of the domestic debt which is a transition variable exceeds the value of 1.38, the value of the 
transition function FL shifts to 1 and the second regime becomes prominent. On the contrary, in the case of domestic 
debt ratio value shifting to 0, the first regime becomes prominent. Therefore, the fact that domestic debt ratio 
following a non-linear trend that is different in both regimes indicates the existence of an asymmetric structure. 
 




Domestic debt in Turkey has an asymmetric and non-linear structure during the 1998-2015 period. Rising debt 
ratio in the period of 2001 financial crises has decreased gradually until the global crisis of 2008 as a consequence of 
strategic criteria in 2004 which ensures that debt would have fixed interests, be more dominantly in TL and have 
medium term. These limitations on the debt led to the movements of debt series to be smoother. In this regard, we 
examine the domestic debt of Turkish economy by utilizing STAR model which provides the opportunity of 
analyzing non-linearity when the transition from one regime to another is gradual. According to the STAR type non-
linearity test, we conclude that debt series of Turkish economy in the considered period is non-linear as observed in 
Graph 1. For modeling debt, we estimate LSTAR model as suggested by F-tests of Teräsvirta (1994). The results 
show that transition between regimes is smooth which could be interpreted as an evidence of sustainability.  
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